Abstract. Gastric cancer is one of the most common malignancies worldwide and the second most common cause of cancer-related mortality. Previous studies revealed several genetic alterations specific to gastric cancer. In this study, we aimed to investigate the diagnostic and prognostic significance of the expression levels of the glypican 5 and glypican 6 genes (GPC5 and GPC6, respectively) in gastric cancer. For this purpose, GPC5 and GPC6 expression was quantitatively determined by quantitative polymerase chain reaction method in normal gastric mucosa and intestinal type gastric adenocarcinoma samples from 35 patients. The expression levels of GPC5 and GPC6 were compared between normal and tumor tissues. Additionally, the association of the expression levels in tumor tissues with several clinicopathological parameters was evaluated. Although GPC5 was not expressed in any of the samples, the expression of GPC6, which was detected in both groups, was found to be significantly higher in tumor tissues compared to that in normal samples (P=0.039). However, there was no statistically significant association between GPC6 expression and any of the clinicopathological parameters investigated (P>0.05). Our findings suggested that an increase in GPC6 expression levels may be implicated in gastric cancer development, but not in cancer progression.
Introduction
Gastric cancer is the second cause of cancer-related mortality worldwide (1) . Similar to all other solid tumors, genetic and environmental factors play an important role in gastric cancer development and progression (2) . Previous studies have clearly demonstrated that multiple genetic alterations are responsible for the development and progression of gastric cancer (2, 3) . Genomic amplification is one of the most common types of genetic abnormalities encountered in gastric cancer and frequently leads to the overexpression of genes that may affect cellular behavior. Therefore, the identification of the genes residing at the genomic amplification regions may help researchers elucidate the details of the tumorigenic processes in gastric cancer and identify diagnostic and/or prognostic markers, which may also serve as novel target molecules for the treatment of this disease (4, 5) .
In our previous study, among the DNA copy number changes detected with the high-resolution-comparative genomic hybridization (HR-CGH) method, 13q amplification with a minimally overlapping region (MOR) 13q21-q32 was found to be significantly associated with lymph node metastasis in gastric adenocarcinoma. When the genes at the MOR were examined, glypican 5 (GPC5) and glypican 6 (GPC6) were considered to be candidate genes that may be involved in gastric carcinogenesis (6) .
GPC5 and GPC6 are members of the glypican gene family, which has 6 members in the human genome, namely GPC1-GPC6. All these genes encode different glypicans belonging to the family of heparan sulfate proteoglycans (HSPGs) found attached to the cell membranes and located in the extracellular matrix. Glypicans are composed of a core protein molecule and ≥1 glycosaminoglycan chains that are covalently bound to specific sites on this core. HSPGs are structural components of tissue organization and have important biological functions in cellular proliferation, adhesion, migration and differentiation (7, 8) , all of which depend on interactions with extracellular and/or cytoplasmic ligands (9) .
Glypicans are predominantly expressed during development and it has been demonstrated that expression levels vary in a spatiotemporal manner, suggesting that glypicans are involved in morphogenesis (10, 11) . In addition, it has been clearly established that glypicans are required for the optimal activity of heparin-binding factors, including fibroblast growth factors (FGFs) and Wnt (12, 13) . Due to their negatively charged sulfate groups on HS chains, glypicans act as co-receptors that facilitate the formation of ligand-receptor complexes and effectively reduce the ligand concentration that is required for function. Therefore, glypicans play an important role in growth factor-mediated signal transduction and it is not surprising that they are expressed in tumoral microenvironments (14) . In addition, since glypicans mediate the formation of cell-cell and cell-extracellular matrix adhesions, they exert pro-as well as anti-tumorigenic effects (15) (16) (17) (18) (19) (20) .
Glypican members have been shown to be associated with the tumorigenic process, frequently via affecting growth factor signaling and cell proliferation. For example, increased GPC1 expression in human gliomas and glioma-derived cell lines have been reported and it has been suggested that GPC1 acts by enhancing FGF basic signaling and mitogenesis (21) . Similarly, GPC1 overexpression has been demonstrated in pancreatic cancer cells and it has been suggested that GPC1 plays an essential role in the response of pancreatic cancer cells to certain mitogenic stimuli, such as FGF and heparin-binding epidermal growth factor (EGF)-like growth factor (22) . The role of GPC3 in tumorigenesis is somewhat complicated. For example, GPC3 is overexpressed and promotes the growth of hepatocellular carcinoma (HCC) through attenuating FGF and bone morphogenetic protein-7 signaling, whilst stimulating canonical Wnt signaling (23, 24) . By contrast, GPC3 knockdown in HepG2 HCC cells promotes their growth and GPC3 is frequently silenced in mesotheliomas, ovarian cancer and breast cancer cell lines (25, 26) . Similar to other glypican members, the overexpression and knockdown of GPC5 expression in rhabdomyosarcoma have been shown to cause increased and decreased cell proliferation, respectively. It was demonstrated that GPC5 increases cell proliferation through potentiating the action of FGF2, hepatocyte growth factor (HGF) and Wnt1A (27) . Reduced GPC6 expression has been reported in retinoblastoma. By contrast, GPC6 overexpression was recently associated with the metastatic phenotype of breast cancer (28) .
Due to their effects on growth factor secretion and signal regulation, glypicans, as well as other glycan molecules, are generally considered as potential targets for cancer treatment (14) . Although the number of studies on the role of glypicans in cancer progression and development is limited, this number is expected to increase in the near future. Since GPC5 and GPC6 expression patterns are currently lacking and have yet to be tackled in gastric cancer, we aimed to analyze, for the first time, the possible roles of these genes in gastric carcinogenesis and cancer progression by determining the GPC5 and GPC6 expression levels in 35 gastric adenocarcinoma samples and corresponding normal mucosa samples.
Patients and methods

Patients.
A total of 35 newly diagnosed patients with primary gastric adenocarcinoma were included in the present study. The tissue samples used were obtained from patients who had undergone surgical tumor resection at the Department of Surgical Oncology, Faculty of Medicine, Ankara University, between October, 2004 and January, 2006, after receiving the patients' informed consent granting permission for anonymous use of their tissue samples in future studies. This study was performed in accordance with the principles of the Declaration of Helsinki and was approved by the Research Ethics Committee of Ankara University Faculty of Medicine (approval no. 152-4798).
The patients had no family history of cancer and were free of concurrent malignant conditions other than gastric cancer. None of the patients had received chemotherapy or radiotherapy prior to surgery. If the lesions were considered as early gastric cancer during surgical resection, the patients were excluded from the study. Patients who were diagnosed with diffuse type gastric adenocarcinoma during histopathological evaluation were excluded from the study and only patients with the intestinal type of gastric adenocarcinoma were enrolled. Tumoral and normal mucosa samples were obtained from all the subjects. Samples of normal mucosa were collected from areas near the surgical margins and far from the tumors that were macroscopically free of tumor invasion. Only the patients for which RNA samples were available for both tumoral and normal mucosa specimens were included in the present study. Routine histopathological examinations and Helicobacter pylori (H. pylori) infection status were performed at the Department of Pathology, Faculty of Medicine, Ankara University, Ankara, Turkey.
RNA isolation and cDNA synthesis. RNA samples were obtained from freshly frozen tissue specimens stored at -80˚C. RNA extraction was performed using Roche TriPure reagent (cat. no. 11667157001; Roche, Mannheim, Germany) according to the manufacturer's instructions. The extracted RNA was quantified using the Spectramax Plus spectrophotometer and SoftmaxPlus v. 4.8 software (Molecular Devices, Sunnyvale, CA, USA). The synthesis of cDNA from the extracted RNA was performed with the High Fidelity Transcriptor cDNA Synthesis kit (cat. no. 0508995001; Roche), according to the protocol provided by the manufacturer. Briefly, the reaction mixture was prepared by mixing 100 ng of RNA sample, 2 µl hexamer primer and dH 2 O to maintain a final volume of 11.4 µl and then incubated at 65˚C for 10 min. After completing the incubation, the reaction mixture was placed on ice and 8.6 µl Master Mix composed of 4 µl of 5X buffer solution (250 mmol/l Tris-HCl, 150 mmol/l KCl, 40 mmol̸l MgCl 2 , pH 8.5 at 25˚C), 0.5 µl protector RNase inhibitor (20 mmol/l HEPES-KOH, 50 mmol/l KCl, 8 mmol/l dithiothreitol, 50% glycerol, pH 7.6 at 4˚C), 2 µl dNTP mixture (10 mmol/l each), 1 µl dithiothreitol (0.1 M) and 1.1 µl reverse transcriptase [200 mmol/l potassium phosphate, 2 mmol/l dithiothreitol, 0.2% Triton X-100 (v/v), 50% glycerol, pH 7.2] was added to the reaction mixture. Subsequently, the reaction mixture was incubated at 29˚C for 10 min, at 48˚C for 60 min and at 85˚C for 5 min. The reactions were performed on a thermocycler (MasterCycler Gradient; Eppendorf, Hamburg, Germany).
Quantitative polymerase chain reaction (qPCR). GPC5
and GPC6 mRNA expression levels were measured with the qPCR method using LightCycler ® 2.0 (Roche). The glyceraldehyde 3-phosphate dehydrogenase gene (GAPDH) was used as a housekeeping gene in order to normalize GPC5 and GPC6 expression levels. The intron spanning primers and TaqMan probes used for the expression analysis of each gene were designed using the 'Universal Probe Library Assay Design Center' available at https://www.roche-applied-science.com/sis/rtpcr/upl/index.jsp. The primer and probe sequences are listed on Table I. For qPCR, the Roche LightCycler ® TaqMan ® Master kit (cat. no. 04735536001; Roche) was used. The PCR reaction was performed with a final volume of 20 µl, containing 4 µl Master Mix (5X enzyme, FastStartTaq DNA polymerase, reaction buffer, MgCl 2 and dNTP), 0.5 mmol/l of each primer (2 µl each), 0.2 mmol/l probe, 5 µl dH 2 O and 5 µl cDNA sample. For each gene, separate PCR reactions were set up in separate capillaries. The GPC5, GPC6 and GAPDH expression in the tissue of interest was analyzed in the same run. The reaction conditions were as follows: 10 min at 95˚C for the pre-incubation step, 45 cycles for 10 sec at 95˚C, 30 sec at 50˚C and 3 sec at 72˚C for the amplification step and a final cooling step for 30 sec at 40˚C.
Statistical evaluation.
Relative gene expression analysis was performed to determine the expression levels of each gene. Gene expression levels were calculated by the ΔΔCt method, which is the ratio of the Ct value for the investigated gene to the Ct value for the GAPDH (housekeeping) gene in the same tissue. Ct values were obtained using the LightCycler 4.05 software (Roche). Each experiment was run twice and the arithmetic means were used for statistical evaluation.
The difference between gene expression levels in tumor and normal tissues was evaluated with the Wilcoxon signed-ranks test. Associations among gene expression and gender, tumor invasion, lymph node involvement, histological grade and H. pylori infection status were assessed by the Mann-Whitney U test. The non-parametric correlations test was used to determine the association between age and gene expression levels. P<0.05 was considered to indicate a statistically significant difference.
Results
Patient characteristics. The demographic and clinicopathological characteristics of the patients are summarized in Table II .
Of the patients, 23 were men and 12 were women, with a mean age of 59.45±10.89 and 60.55±14.73 years, respectively. The average body mass index was calculated as 26.3, 82% of the patients were diagnosed at late stages (T3 and T4) and 68% of the patients had lymph node metastasis. Only 1 patient had a distant metastasis. Well-differentiated tumors were detected in 49% of the patients, whereas 51% of the patients had poorly differentiated tumors. H. pylori infection was positive in 43% of our patients.
GPC5 and GPC6 expression. None of the gastric adenocarcinoma patients exhibited detectable GPC5 expression in either the normal or the tumor samples. Therefore, any statistical evaluation was not performed regarding GPC5 expression in gastric cancer. However, all the patients exhibited appreciable GPC6 expression, which was detected in the tumor tissues as well as in the normal gastric mucosa samples. Representative GPC5, GPC6 and GAPDH amplification curves obtained from normal and tumor samples belonging to the same patient are depicted in Fig. 1 . The extent of GPC6 expression varied between 1.21 and 1.37, with a median value of 1.28 in normal gastric mucosa samples. By contrast, in tumor samples GPC6 expression ranged between 0.69 and 1.46, with a median value of 1.31. The mean value ± standard deviation (SD) of GPC6 expression was calculated as 1.28±0.04 and 1.30±0.12 in normal and tumor tissues, respectively. The difference between the mean GPC6 expression levels in normal and tumor tissues were found to be statistically significant (P= 0.039). GPC6 expression levels were not found to be significantly associated with age or gender.
Associations between GPC6 expression and clinicopathological parameters.
The associations between GPC6 expression and clinicopathological parameters, including TNM classification, histopathological grade and H. pylori infection status are tabulated in Table III . The GPC6 tumor /GPC6 normal ratio for each patient was calculated prior to any statistical evaluations, in order to exclude GPC6 expression of the background mucosa. The mean GPC6 expression level ± SD of early-stage (T1 and T2) and late-stage (T3 and T4) tumor samples was 1.01±0.07 and 1.01±0.10, respectively, with no statistically significant difference (P>0.05). Similarly, when the expression levels in lymph node metastasis-negative samples (N0) were compared to those in lymph node metastasis-positive samples (N1, N2 and N3) (1.04±0.74 vs. 0.99±0.10), no significant difference was detected (P>0.05). As distant metastasis was observed in only 1 patient, the GPC6 expression levels in M0 and M1 tumors were not subjected to statistical analysis. Well-differentiated (G1) gastric cancer tissues exhibited a mean ± SD GPC6 expression level of 1.02±0.53 and, similarly, poorly differentiated (G2 and G3) tumor samples had a mean value of 1.01±0.13 (P>0.05). The GPC6 expression levels of H. pylori-positive and -negative samples were 1.01±0.46 and 1.01±0.15, respectively, with no statistically significant differences (P>0.05).
Discussion
Gastric cancer remains a significant health problem and is second only to lung cancer as a leading cause of cancer-related mortality worldwide (29) . Its high incidence is considered to be the result of environmental as well as genetic factors. A number of studies have clearly demonstrated that multiple genetic alterations are responsible for the development and progression of gastric cancer (30) (31) (32) (33) (34) (35) . Over the last few years, several attempts have been made to better define the genetic profile of gastric tumors, with the aim to improve the effectiveness of early diagnosis and/or prognostic stratification. In our recent study, we documented the changes of DNA copy number in 43 patients with gastric adenocarcinomas by using HR-CGH in Turkey to identify the types of genomic imbalances in association with development and progression of gastric cancer (6) . In that study, we reported that the gains of 
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13q with a MOR 13q21-q32 provided evidence suggesting a correlation with an increased incidence of lymph node metastasis (6) . To the best of our knowledge, the present study is the first to analyze the expression levels of the GPC5 and GPC6 genes, located at 13q21 region, as possible targets for genomic amplification events in gastric cancer. HSPGs, including GPC5 and GPC6, are mostly found on the surfaces of adhered cells and in the extracellular matrix that surrounds and supports them. Due to their negatively charged heparin-like moieties, HSPG molecules bind and regulate several matrix components, growth factors, proteinase inhibitors and cell-cell and cell-matrix adhesion molecules (36) . Cell surface-bound HSPGs are known to function as co-receptors for a number of growth factors, such as FGF, EGF, Wnt and the transforming growth factor β (TGF-β) superfamily, which play important roles during embryonic development and tumorigenesis. Acting as co-receptors, these molecules facilitate the interaction between specific signaling receptors and their ligands, thereby regulating the function of the associated signaling pathways (12,13,37-39) . Since glypicans regulate the activity of growth and survival factors, changes in their expression may be associated with tumor progression. Therefore, HSPGs are considered to play an important role in carcinogenesis. In support of this hypothesis, it was demonstrated that GPC1 is overexpressed in pancreatic cancer (22) . Similarly, GPC3 expression has been reported to be increased in HCC (15) .
Several studies investigating the role of GPC5 and GPC6 in different types of cancer have been published. Yu et al (40) reported that GPC5 is overexpressed in different lymphoma cell lines and they suggested that this gene is a likely target for 13q31-q32 amplification in lymphomas and other tumors. Conversely, a study on lung cancer demonstrated that GPC5 expression, as a result of a genetic variation, is significantly lower in adenocarcinoma compared to that in normal lung tissue (41) . Another report by the same authors suggested that GPC5 regulates lung cancer development through a complex pathway network, although there is no direct evidence (20) .
A study on rhabdomyosarcoma tissues has also reported a genomic amplification of the 13q31-q32 region. The results of that study demonstrated a higher GPC5 expression in tumoral compared to that in normal skeletal muscle tissues; this overexpression triggered cell proliferation by modifying the cell surface distribution of FGF2, HGF and Wnt1A receptors (27) . A recent publication indicated that GPC5 regulates rhabdomyosarcoma cell proliferation by activating the Hedgehog (Hh) signaling pathway. It has been suggested that this function was mediated by facilitating/stabilizing the interaction between Hh and Patched 1 (42).
Saunders et al (11) investigated the expression levels of GPC5 in different embryonic and adult tissues. The authors of that study demonstrated that GPC5 is expressed in almost all embryonic tissues and this expression is maintained and even increased in adult brains, whereas in all other adult tissues, including the gastric epithelium, this expression is markedly suppressed to trace levels. This result suggests that GPC5 expression may play an important role in the regulation of growth and differentiation during mammalian development. In accordance with the previous studies, our study revealed that none of the normal gastric tissues expressed GPC5. It is known that alterations in the expression levels of the genes that are expressed during embryonic development but suppressed in adult tissues are associated with a number of dysmorphic conditions and cancers. Of note, unlike other cancer types, GPC5 expression was not detected in our gastric cancer tissue samples. Since GPC5 gene remains silent in gastric cancer tissues, our results suggest that this gene has no potential role in gastric carcinogenesis. In addition, our study demonstrated that the increase in genomic copy numbers may not always lead to the overexpression of the genes located at the amplification region. Other mechanisms participating in the regulation of gene expression, such as epigenetic regulation, may explain this finding.
The number of studies investigating the role of GPC6 gene in cancer is limited. A recent study reported that a subset of genes, including GPC6, was found to be recurrently altered in 23 prostate cancer tissues obtained from 16 different fatal metastatic tumors and 3 high-grade primary carcinomas, using whole-genome sequencing (43). Lau et al (44) investigated sporadic retinoblastoma cases using 140 microsatellite markers and detected a decrease in GPC6 expression due to loss of heterozygosity of the related locus. In that study, non-random allelic loss at the 13q region and the decrease in the GPC6 mRNA levels were reported to be associated with retinoblastoma development. By contrast, overexpression of the GPC6 gene was found to lead to increased cell migration via reorganization of the cell skeleton in the 143B osteosarcoma cell line. In accordance with this observation, it was demonstrated that GPC6 suppression leads to a slowing of cell migration in the MCF10A cell line (45) . In breast cancer cell lines, Yiu et al (28) demonstrated that GPC6 is a target gene of nuclear factor of activated T cells (NFAT), which promotes breast cancer invasion. Increased GPC6 expression through endogenous NFAT activation facilitates invasive migration of cancer cells in a manner that requires Wnt5A signaling. GPC6 induction of Wnt5A activates JNK and p38 MAPK pathways.
Our study demonstrated that GPC6 was expressed in normal mucosa as well as tumor samples obtained from gastric cancer patients, with the levels in tumor samples being significantly higher. However, the GPC6 expression levels in the tumor samples were not found to be significantly associated with the clinicopathological parameters investigated. All these findings suggest that this gene plays an important role in early gastric carcinogenesis, but not in disease prognosis. Since the sample size of the present study was relatively small, further studies with a larger sample size are required to assess the association between GPC6 expression and the prognosis of gastric cancer more accurately. We suggest that GPC6 expression may induce gastric carcinogenesis through facilitating the aforementioned signaling pathways, including Wnt, Hh, FGF, EGF, growth hormone factor and TGF-β pathways. Our results also indicate that, after determining a reliable cut-off point and evaluating the sensitivity and specificity for the GPC6 mRNA expression level, it may be used as a candidate biomarker for the diagnosis of gastric cancer. To achieve these goals, GPC6 mRNA expression levels must also be quantified in normal gastric samples from healthy individuals.
In conclusion, studies increasingly support the fact that glypicans are able to modify and regulate cell adhesion, migration and extracellular matrix organization and decrease the growth factor concentration required by the cells, by facilitating the formation of ligand-receptor complexes. All these functions are considered to be important mechanisms in tumorigenesis. Our results suggest that GPC6, but not GPC5, appear to be a possible target gene for the amplification of 13q21-q32 in gastric adenocarcinoma. Further in vitro cell culture experiments and in vivo animal studies are required to fully elucidate the possible molecular mechanisms of GPC6-mediated gastric carcinogenesis.
